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TIRE SENSOR AND METHOD OF ASSEMBLY 

Field of the Invention 
[001] The present invention relates generally to stress sensors for measuring stress 

forces within a rubber compound and, more specifically, to a stress sensor and method of 
assembly for measuring stress forces present within a tire rubber compound. 

Background of the Invention 

Capacitor sensors for measuring stress forces within materials are generally well 
known. Such sensors comprise metallic plates typically formed of a suitable material 
such as brass. The metallic plates are spaced apart by an air gap and are retained at a 
predisposed relationship. The metallic plates deflect responsive to stress force within a 
material and the air gap between the plates varies accordingly. As the air gap varies, the 
capacitance between the capacitor plates also varies. A signal is directed into the device 
from a remote source and the capacitance between the metallic sheets is detected by a 
remote antenna and reader to measure the level of stress force within the material. 

While such capacitor sensors work well and have been well accepted in the 
industry, several shortcomings in their manufacture and use remain. Existing capacitor 
stress sensors are relatively complicated to manufacture and assemble, resulting in a 
greater than optimal cost to the end user. In addition, existing sensors are prone to 
misalignment resulting in measurement inaccuracy. Still further, existing sensors tend to 
be susceptible to horizontal and vertical slippage between the capacitor plates when 
vulcanized into rubber compounds such as a tire. Such slippage distorts the 
configuration of the sensor and may dislocate the sensor from its optimal, intended 
location within the material, resulting in a potential for measurement error. 

Summary of the Invention 
[004] According to one aspect of the invention, a sensor for measuring stress forces 

within a material such as a tire compound is assembled to include first and second 
capacitor plates spaced apart by a variably dimensioned air gap. A connector block 
formed unitarily from a thermoplastic material such as Nylon is situated between the 
capacitor plates and holds the capacitor plates together in a predetermined mutual 
orientation. The connector block includes a plurality of rod members protruding from 
opposite connector block sides and extending into a respective capacitor plate to attach 
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peripheral portions of each capacitor plate to the connector block. The peripheral 
portions of the capacitor plates may be stepped to accommodate assembly to the 
connector block. 

[005] According to another aspect of the invention, a spacer member is situated 

between the capacitor plates, the spacer member including opposite spacer member sides 
held against a respective inward facing surface of the capacitor plates along peripheral 
portions of the air gap whereby the air gap is calibrated along the peripheral portions to 
the thickness of the spacer member. The spacer member may be formed from a plastic 
resin such as MYLAR in order to maintain a tight thickness tolerance whereby the air 
gap spacing between the capacitor plates can be controlled to a desired precision. 
MYLAR is a trademark of Du Pont de Nemours Corporation. 

[006] Pursuant to yet a further aspect of the invention, the connector block rod 

members are formed to extend axially through the capacitor plates to an outer plate side 
and include terminal rod portions formed at an angle over the capacitor plate along the 
capacitor plate outer side. The terminal ends of the rods thus serve to hold the sensor 
assembly together and further act to resist any sensor misalignment from horizontal or 
vertical slippage as the sensor is vulcanized into a tire rubber compound. 

[007] A further aspect of the invention includes a method of assembling the sensor and 

comprises the steps: forming a plurality of through-holes through peripheral portions of 
each capacitor plate; positioning a connector block between the capacitor plates, the 
connector block including a plurality of rod members protruding from opposite 
connector block sides; extending the rod members through respective through-holes in 
the capacitor plates to attach the peripheral portions of each capacitor plate to the 
connector block; and forming terminal rod portions of the rod members over an outer 
side of a respective capacitor plate. The method may further include the steps: forming 
the connector block of heat deformable plastics material; extending the terminal portions 
of the connector rod members a distance beyond the outer side of a respective capacitor 
plate; and applying heat to the terminal portions of the connector rod members while 
deforming the terminal portions over the outer side of the respective capacitor plate. 

Brief Description of the Drawings 
[008] The invention will be described by way of example and with reference to the 

accompanying drawings in which: 

FIG. 1 is an exploded perspective view of the subject sensor;. 
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FIG. 2 is a top plan view thereof; 

FIG. 3 is a transverse sectional view thereof taken along the line 2-2 of FIG. 2; 
FIG. 4 is a top perspective view of a partially assembled sensor shown prior to 
the step of deforming rod member ends downward; and 

FIG. 5 is a top perspective view of the finished assembled sensor. 

Detailed Description of the Preferred Embodiments 

[009] Referring initially to FIGS. 1-3, the subject sensor 10 is of a general type 

commonly referred to as capacitor sensors. Such sensors are used for a myriad of 
applications. For example, the sensors may be embedded in a material and used to 
monitor stress forces acting within the material. A particular application in which such 
sensors find utility is in the measurement of stresses within a tire rubber compound. One 
or more of the sensors may be incorporated into the rubber compound of a tire prior to 
tire vulcanization. The sensors monitor the tire and provide data that may be used to 
analyze the stress profile of the tire during its manufacture and use. 

[0010] Because the process of vulcanization imparts stresses on the sensor within a tire, 

sensors in such applications have been known to experience horizontal or vertical 
slippage during the vulcanization process. Such consequences are undesirable and can 
result in sensor failure or defects in sensor readings. 

[0011] With regard to FIGS. 1-3, the sensor 10 will be seen to comprise first and second 

capacitor plates 12, 14 having a connector block 16 generally disposed therebetween. 
The plates 12, 14 are of metallic composition and may be fabricated from various known 
metals or metal alloys such as brass. Metal wires (not shown) having copper or brass 
surfaces may be soldered to the plates 12, 14 in conventional manner. The plates 12, 14 
are shown in a preferred form to be circular, however, other shapes and configurations 
may be employed if so desired. 

[0012] The connector block 16 is preferably formed as a unitary body of electrically 

insulating material such as nylon. The block 16 may be efficiently made by means of 
conventional processes such as injection molding. In the preferred form, block 16 is 
circular and has a general external geometry and dimension that complements the 
configuration of plates 12, 14. Shapes other than circular may be employed if desired, 
however. 

[0013] A spacer ring 18 is also provided for incorporation into the assembly 10. The 

spacer ring 18 is formed of any suitable material such as plastic by conventional means 
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such as injection molding, or cut out from a film having the desired gauge. One suitable 
preferred material for ring 18 is MYLAR. As shown, each plate 12, 14 is of similar 
configuration, having a planar outward facing surface 20 and a peripheral edge portion 
designated generally at 22. The peripheral plate portion 22 includes an inward facing 
peripheral surface 24 that extends inwardly to an elevated central surface 26 by means of 
step 28. A plurality of through-holes 30 is disposed within and preferably at equidistant 
spacing about peripheral plate portion 22. The number and location of through-holes may 
be varied from that illustrated if desired. 

[0014] Continuing with reference to FIGS. 1-3, as discussed previously, the connector 

block 16 preferably comprises a unitarily formed ring-shaped body 32 formed from a 
thermoplastic material such as nylon. The ring-shaped body 32 includes oppositely 
facing sides 34, 36 and is dimensioned having generally the same radius of curvature as 
plates 12, 14. A central aperture 38 is disposed within body 32 and a plurality of 
connector rod members 40 extend from the sides 34, 36 at a spacing complementary with 
the spacing of apertures 30 through plates 12, 14. The rod members 40 are elongate and 
preferably straight and symmetrical about a longitudinal axis. Integral to each rod 
member 40 is a remote terminal end portion 42. 

[0015] The spacer ring 1 8 includes a preferably unitary spacer body 44 composed of any 

suitable material such as plastic resin. MYLAR is one such acceptable material. The 
ring 18 has a radius of curvature smaller than that of the connector block 16 and plates 
12, 14. While preferred, the circular configuration of blocks 1,18 and plates 12, 14 may 
be varied without departing from the invention. The spacer body 44 is dimensioned to fit 
over and closely encircle the raised central surface 26 of each plate adjacent each plate's 
step 28. 

[0016] Assembly of the subject sensor 10 proceeds as follows. The individual 

components 12, 14, 16, and 18 are fabricated as described above. The connector block 
16 is disposed between the capacitor plates 12, 14. The two brass sheets or plates 12, 14 
attach to the opposite sides 34, 36 of connector block 16 as the through-holes 30 of plates 
12,14 are slipped over the connector rod members 40. Through-holes 30 are 
dimensioned and spaced for close receipt of the rod members 40 therethrough. As the 
plates 12, 14 are brought against the connector block 16, the spacer ring 18 is 
sandwiched between the elevated central surfaces 26 of plates and encircles the perimeter 
of plate surfaces 26. 
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[0017] As will be appreciated from the sectional view of FIG. 3, the stepped inner 

profile of the capacitor plates 12, 14 compliments the external shape and dimension of 
the connector block 16 such that an air gap 48 is defined between plate central surfaces 
26 of plates 12, 14 as the plates are brought into final abutment against the connector 
block. The brass plates 12, 14 are designed in section to have a two-step profile such 
that when brought together against connector block 16, air gap 48 results. The air gap 48 
is generally rectangular in profile and extends across the central opening 38 of the 
connector block 16. Manufacturing the components 12, 14, and 16 to close tolerances 
ensures that the air gap 48 will be defined to a desired width. A nominal reference 
capacitance between plates 12, 14 can thus be established. 

[0018] The small air gap 48, preferentially in the range of 1-50 micrometers, may further 

be controlled by the presence of spacer ring 18. While not essential to the control of air 
gap 48, the presence of spacer ring 18 allows for greater control over the width of the 
gap. Spacer ring is preferentially formed of a hard plastic such as MYLAR and may be 
formed to tight dimensional tolerances by conventional molding techniques such as 
injection molding, blown film or calendered film. Location of the ring 18 around 
peripheral portions of the air gap 48 in abutment with surfaces 26 of plates 12, 14, 
ensures that the peripheral portions of air gap 48 will be calibrated to the thickness of the 
spacer ring 18. 

[0019] FIG. 4 illustrates the sensor at a partially assembled state with plates 12, 14 

positioned against opposite sides of connector block 16 and rod members 40 extending 
through the plates 12, 14. Thereafter, the terminal portions 42 of rods 40 are melted by 
the application of heated die (not shown) to extend along the top surface 20 of each plate 
at substantially a right angle. The angle of deformation of rod portions 42, while 
preferentially ninety degrees, may be varied if desired. Once cooled, the deformed 
portions 42 of rods 40 fixes the brass plates 12, 14 into their intended mutual position 
against the connector block 16 and avoids any horizontal or vertical slippage of the 
plates relative to the connector block that might otherwise occur. The avoidance of 
slippage is particularly important should the sensor be subsequently vulcanized into a tire 
rubber compound. 

[0020] One or more of the completed sensor assemblies as shown in FIG. 5 may be 

incorporated into a material monitor stress forces within the material. The composition 
of plates 12, 14 is selected so that metal wires (not shown) may be attached to the plate 
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outer surfaces 20 by soldering or other known techniques. The device 10 may thus be 
connected to other mechanical devices or electronic circuitry (not shown) of 
conventional form. Alternatively, a signal may be induced into the sensor plates 12, 14. 
An antenna (not shown) may be positioned to pick up variations to the induced signal 
resulting from capacitance changes in the device. 

[0021] Located within a rubber compound, the air gap 48 will vary in thickness as plates 

12, 14 flex inward under the influence of stress forces. The capacitance of device 10 will 
accordingly change in proportion to the applied stress force. The change in capacitance 
may be monitored by associate circuits connected to device 10 and the level of stress 
within the material deduced from changes in capacitance levels. 

[0022] From the foregoing, it will be appreciated that the subject invention satisfies the 

needs of the industry for a stress sensor that is readily and economically fabricated, 
assembled and deployed. The sensor 10 may be made in various shapes including the 
circular form shown in the preferred embodiment. The deformation of rods 40 is an 
economical means to attach the sensor components together and to maintain their 
preferred mutual orientation against vertical and horizontal slippage. The use of a heat 
deformable material in the construction of connector block 16 facilitates the bending of 
rod portions 42. 

[0023] Variations in the present invention are possible in light of the description of it 

provided herein. While certain representative embodiments and details have been shown 
for the purpose of illustrating the subject invention, it will be apparent to those skilled in 
this art that various changes and modifications can be made therein without departing 
from the scope of the subject invention. It is, therefore, to be understood that changes 
can be made in the particular embodiments described which will be within the full 
intended scope of the invention as defined by the following appended claims. 



